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Randomness and Chaos in the Climate System

Human psychology leads people (scientists) to seek 
deterministic (predictable) causes for observed
changes in the world. Nonetheless, one must
remain alert for the possibility that much of the
climate system may not actually be predictable beyond
some rather short interval. 

The problem is compounded by the evolutionary development of the
human eye as a wonderful pattern recognition device. Patterns
are seen everywhere, even when not real.



Classic example was the detection of “canali” on Mars in the late 19th

and early 20th centuries.
A book on the subject is:
Kahneman, D., P. Slovic, A. Tversky
1982 Judgment Under Uncertainty: Heuristics and
Biases 555pp. Cambridge Un. Press



Few people have an intuition for the behavior of noise processes,
particularly those with a “memory”.  



In probability theory, the problem of determining the value of T(t) is
known as the “game of Peter and Paul” in which q is decided by
the flip of a coin. Has some bizarre properties.











A lot of the difficulty concerns the visual resemblance of time series 
that are truly unrelated: 



Note the “trend” toward the end



Such time series can give rise to apparent trends, oscillations
and other highly misleading features:
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When have two or more time series, must be very wary of inferring by
eye that they are related.
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Cariaco Basin reflectance & GISP2 ice core
Peterson et al., 2000, Science.

Supposed to show that the Dansgaard-Oeschger events appear at low latitudes
as well as in Greenland.
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Hulu Cave (eastern China)/GISP2
R. Alley, Oceanography, 2005
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Santa Barbara Basin/GISP2,
Hendy, Kennett, Roark, Ingram, QSR, 2002
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The issue is that two completely unrelated time series, having
similar frequency content (spectral shape) necessarily display on average
the same numbers of maxima and minima in any given time interval.

There are statistical tests available that prevent one from inferring
spurious similarity that is only an accident. (Sometimes known as
the Slutsky-Yule effect.)





Chaotic behavior can be equally misleading if one examines records
that are too short in duration:
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The transport in the Gulf Stream---deterministic? or random?

Note that “deterministic” chaos and stochastic behavior can be extremely
difficult to distinguish.
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Non-stationary or non-Gaussian? Stationary means that the statistics
remain constant through time.

(The top curve is stationary (by construction). The bottom curve is just
the cube of the top one---it looks non-stationary but is actually completely
stationary---it just isn’t Gaussian).



From a paper claiming that deglaciations occur every four or five 
precession cycles. If look at it carefully, discover that the 
match is no better than chance. (Huybers and Wunsch 2005, Nature)
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It is possible to make purely random time series that produce a dominant time
scale. (Wunsch, 2003, Climate Dynamics).




